Study the structures and properties of dimeric transition metal complexes are important due to their possible chemical and physical properties and their aiding in understanding the role of multinuclear enzymes.
1 Dimeric nickel(II) complexes based on pyridine ligands have attracted much attention because of their rich physico-chemical properties and potentially useful biological activity. 2 Halide anions exhibit a strong ability to bridge two or more nickel atoms to form complexes (NiX) n (X = Cl, Br and I) with various structural skeletons. 3 Dimeric nickel complexes have been investigated extensively, 4 however, the understanding between structure and reactivity of chloride bridged dimeric nickel complexes is still interesting.
5 since the small changes in structure play important roles in determining the kinetics and thermodynamics of redox reactions. Recently, we reported 6 the halide-bridged copper(II) complexes, [Cu(dmamhp)X 2 ] 2 (where dmamhp = 2-dimethylaminomethyl-3-hydroxypyridine), which revealed that both the chloride and bromide complexes form dimeric structures, as well as other interesting intermolecular and intramolecular interactions. In order to investigate the structure of the nickel(II) complexes, as they compare to the copper(II) complexes, we herein report the synthesis and characterization of dimeric nickel(II) complexes based on pyridine coordination units constructed from the dmamhp ligand. The electrochemical properties of the complexes are discussed along with crystal structure.
Experimental Section
Materials and synthesis of complexes. All reagents and solvents for syntheses and analyses were purchased from the Aldrich Chemical Company and used as received.
The Physical measurements. UV-visible spectra were recorded on a Jasco V-570 UV-vis spectrophotometer. Electrochemical measurements were performed under nitrogen atmosphere with a Bioanalytical Systems CV-50 W electrochemical analyzer using 3 electrode cell assemblies. The electrochemical cell consists of a glassy carbon working electrode, platinum wire counter electrode, and an Ag/AgCl reference electrode. Each oxidation potential was calibrated with ferrocene as a reference. X-ray intensity data was collected on a Bruker SMART APEX-II CCD diffractometer equipped with graphite monochromated Mo Kα radiation. Data integration, correction for Lorentz and polarization effects, and final cell refinement were performed by SAINTPLUS. 7 An empirical absorption correction based on the multiple measurements of equivalent reflections was applied using the SADABS program. 8 Structures were obtained by a combination of the direct methods and difference Fourier syntheses and refined by full-matrix leastsquares on F 2 , using SHELXTL. 
Results and Discussion
The direct reaction of equimolar amount of dmamhp with NiCl 2 in methanol medium gave [Ni(dmamhp)Cl 2 -(CH 3 OH)] 2 ·2CH 3 OH. Green crystals were grown from the methanol solution and characterized using X-ray crystallography. 10 The geometry around the nickel(II) metal ions is a distorted octahedral structure (Fig. 1a) , whereby a methanol molecule coordinates with the nickel(II) ion. It is unlike the [Cu(dmamhp)Cl 2 ] 2 complex which has a trigonal bipyramidal structure. 6 Interestingly, [Ni(dmamhp)Cl 2 (CH 3 OH)] 2 · 2CH 3 OH has a dimeric structure with the 2 Ni atoms, sharing 2 bridging chlorides (Cl2, Cl2 Table 1 . In addition, there are non-ligated methanol molecules used as a solvent for recrystallization. The observed Ni-Cl1, Ni-Cl2 and Ni-Cl2 i bond distances are 2.4094(7), 2.4263(9) and 2.4329(7) Å respectively, which are longer than normal Ni-Cl bond distance (2.270 Å). 5 The terminal chlorides (Cl1) bonded more strongly to the Ni II ions than the bridging ones. The molecules are held together in a one-dimensional network and stabilized through hydrogen bonds and π-π interactions as shown in Figure 1b 12 These complexes exhibited a band in a range of 390-393 nm (ε ~ 70), which may have charge transfer character and bands in the region 320 (ε 1450) and 290 nm (ε ~ 2890) attributable to the n-π * and π-π * transitions, respectively. Based on the electronic properties and the elemental analyses, the bromide complex has an octahedral symmetry around the nickel metal ion, indicating that the bromide complex should be either a monomer with 6-coordination by 2 nitrogen atoms of the dmamhp ligand, 2 oxygen atoms of the methanol molecules, and 2 Br atoms, or a dimer with the formula of [Ni(dmamhp)Cl 2 (CH 3 OH)] 2 ·2CH 3 OH and a similar structure of a μ-chloride nickel(II) complex. Evidence for this suggestion may be obtained from structural determination by X-ray crystallography, but we have yet to obtain this quality from our experiments.
The cyclic voltammograms (Fig. 2) of both the chloride (1) and bromide complexes (2) Notes was observed for complex (2) (−0.77 V), compared with that of complex (1) (−0.96 V), and may be related more to the reduced electron density at the metal center of the bromide complex than the chloride-bridged complex. The reversibility also increases for bromide complexes when compared to the chloride-bridged complex. Complexes (1) and (2) oxidize at E pa = 1.35 and 1.15 V and are consistent previously reported results.
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In conclusion, [Ni(dmamhp)Cl 2 (CH 3 OH)] 2 ·2CH 3 OH has been synthesized and characterized, having a distorted octahedral geometry with a nearly symmetric chloride-bridged dimeric form. The molecules are held together in a onedimensional network and stabilized through hydrogen bonds and π-π interactions. We are currently involved in further development of the halide-bridged dimer complexes and are investigating their applicability to catalytic processes. .
